for potassium indicate that th e /v a lu e obtained for the continuum from the experi mental results is many times greater than that predicted theoretically. This suggests very strongly th at some process involving an electron other than the valence electron is operative. In this connexion it is probably significant th at the absorption measure ments for sodium and lithium (which have no incomplete inner shells) are in agree ment with the theoretical calculations. For caesium and potassium in the region of short wave-lengths the absorption coefficient appears to be proportional to the frequency. In figure 6 it may be seen to what extent this empirical law holds.
evidence for the existence a t sea-level of a non-ionizing component far more pene trating than photons. The intensity of this non-ionizing component a t sea-level is so small that it could not have been detected by Janossy & Rossi.
A short account of some of our results was given elsewhere (Janossy & Rochester 1941) . Experiments with similar results were carried out a t 4300m. above sea-level by Rossi & Regener (1940) .
I I . T h e e x p e r i m e n t a l m e t h o d
Consider the counter arrangement shown in figure 1. An anticoincidence (B C -A ) is defined as a coincidence of the counters B and C not accompanied by a discharge of any of the anticoincidence counters A. An anticoincidence can be due to one of the following processes: (1) a non-ionizing ray produces in s an ionizing secondary which discharges the counters B and C. As this is the only kind of anticoincidence we wish to observe, such an anticoincidence is called a genuine anticoincidence.
L Janossy and G. D. Rochester 20 cm F ig u r e 1. Scheme of anticoin-F ig u r e 2. The experimental outlay, cross-section, cidence arrangement.
(2) An ionizing particle enters s without crossing any of the counters A and is scat tered in such a direction as to produce a coincidence BC, or it produces a secondary in s which discharges the counters B and C. (3) A shower from the side which dis charges B and C but not A . (4) An ionizing particle which passes through A , B and C but happens not to discharge A due to the inefficiency of the counters. (5) A casual coincidence between the counters B and C which is not accompanied by a discharge of A . (6) A particle which comes from below and is absorbed in s. Types of anticoincidences 2-6 will be called spurious anticoincidences.
The experiment was carried out with the counter arrangement reproduced schematically in figures 2 and 3. The arrangement consists of a threefold coincidence set of counters (BCD), and an anticoincidence set of counters (A), containing 76 counters in parallel. The anticoincidence counters shield the coincidence system from all directions except from below. An account of the construction and the efficiency of the counters will be published elsewhere (Rochester & Janossy 1943) .
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F ig u r e 3. The experimental outlay, seen from below.
The threefold set BCD was surrounded by 5 cm. of lead on five sides to cut out photons and th a t this was accomplished may be shown as follows. The rate of anticoincidences observed with the top part of the absorber removed (i.e. 0) was 2*4 anticoincidences per hour and therefore the rate due to photons alone must have been smaller. The probability of a photon penetrating 5 cm. of lead without encounter is less than \ %, hence the rate of anticoincidences due to photons must have been 0*01 c. per hr. or less. This rate is negligible compared with those observed (see table 2 ).
Since the rate of penetrating non-ionizing agents proved to be very small, great care had to be taken to reduce the rate of spurious anticoincidences to a minimum. Eventually the rate of spurious anticoincidences was reduced to less than 0-04 % of the rate of threefold coincidences.
This high efficiency was obtained in two ways:
(1) By reducing the duration of the anticoincidence counter pulses to prevent the overlapping of pulses. This was obtained by using small counter coupling units: a counter leak of 20,00012 and a coupling condenser of 100 P.F. In order not to miss discharges giving rise to very small pulses the input pulses were amplified by a three-stage, resistance-capacity amplifier. The amplified pulses and the coin cidence pulses were mixed by an anticoincidence amplifier of the type described by Rossi and his coworkers (1940) . The efficiency of the anticoincidence amplifier was 10°% .
(2) By arranging the anticoincidence counters in such a way th a t a particle reaching the coincidence counters or the absorber had, in general, to pass through two or more anticoincidence counters, though small regions could only be covered singly because of the finite thickness of the counter walls ( ~ 0*5 mm.). The rate of spurious anticoincidences due to this type of leakage is estimated as follows:
Lack of efficiency of a single counter (observed) . Thus the estimated rate of direct leakage is of the order of the smallest rates observed (see tables 1 and 2). The rate of anticoincidence pulses was of the order of 700 c. per sec. The anticoincidence amplifier was designed to block the recording of coincidence counts for about 200/tsec. after each anticoincidence pulse. Thus the coincidence amplifier was blocked for about 0*14 sec. per sec. due to discharges of the anticoincidence counters. This blocking resulted in a loss of about 14 % of the anticoincidences. The numerical value of this blocking ratio was determined by applying artificial pulses to the coincidence input of the amplifier and by recording the fraction of these pulses not getting through the amplifier.
Tests carried out daily showed th at the blocking ratio remained remarkably constant.
The space below the coincidence counters was not covered by anticoincidence counters because secondaries produced in s by non-ionizing radiation would have discharged the anticoincidence system after having passed through the coincidence counters and no genuine anticoincidences would have been recorded.
Since the bottom was not covered, spurious anticoincidences due to ionizing particles moving upwards and being stopped in s might be expected. We note th at the rate of these spurious anticoincidences would be strongly reduced when s is shifted from its original position to the lower position ( figure 1 ). An observed decrease in the anticoincidence rate when s was moved to s' would therefore not necessarily have been an indication of the presence of non-ionizing radiation. For this reason we preferred not to change the position of any of the absorbers inside the anticoincidence system throughout the main part of the experiment. We took, however, a series of readings with the lead s in the two positions s and s' and the results are given in table 1. The change of the anticoincidence rate shown in table l is no evidence for the existence of non-ionizing radiation but the lower rate can be regarded as an upper limit for the rate of direct leakage through A . Penetrating non-ionizing cosmic rays 403
T a b l e 1. A n t i c o i n c i d e n c e s a s a f u n c t i o n o f t h e p o s i t i o n o f t h e

III. T h e e x p e r i m e n t a l r e s u l t s a n d t h e i r i n t e r p r e t a t i o n
(1) The rate of anticoincidences observed with s 5 cm. Pb and -5 cm .Pb was 0-533 ± 0-039 anticoincidences per hour. The most direct way to show th a t a large fraction of these anticoincidences was due to non-ionizing radiation appeared to be to absorb the radiation by placing absorbers on top of the arrangement. By placing absorbers in the position £ a strong reduction of the rate of anticoincidences was in fact observed (see table 2, and figure 4). Though the absolute value of the effect given in table 2 is very small, we are confident that it is real for two reasons: (1) the relative effect is large, being of the order of 100 %; (2) the results given in table 2 represent the average values of about 100 individual readings spread out over a period of three months. The internal con sistency of the individual readings is very good, as can be seen from table 3 where the individual readings for £ = 5 cm. Pb are collected. The number of each reading is given in column (1), from which it is seen th at the eighteen readings for = 5 cm. Pb are uniformly distributed among the seventy-two readings taken for all thicknesses of the absorber 27. In column (5) are given the values of (AN)2, the squares of the deviations from the mean value. Since the expectation value of (AN)2 is N, is expected to be of the order of EN. I t is seen from (2) We interpret the difference of the rates of anticoincidences observed with E = 5cm. and E = 25cm .Pb as follows: for E = 5cm. some non-ionizing rays penetrate the absorber 27 without giving rise to ionizing secondaries and thus reach the absorber s without setting off A . Some of these rays produce ionizing secondaries in s which give rise to genuine anticoincidences (BCD -A). For 27 = 25cm., how ever, most of the non-ionizing rays do not give rise to anticoincidences because they are either absorbed or give rise to ionizing secondaries which discharge A . Thus we assume th at the excess of the rate of anticoincidences with 27 = 5 cm. Pb over the rate with 27 = 25 cm. Pb is due mainly to secondaries to non-ionizing agents with ranges between 5 and 25 cm. Pb. To justify this interpretation we have to show that the spurious anticoincidences cannot be much affected by the variation of the thickness of the absorber 27. We will discuss the various processes giving rise to spurious anticoincidences separately.
T a b l e 2. A n t i c o i n c i d e n c e s a n d c o i n c i d e n c e s a s a f u n c t i o n OF THE THICKNESS OF THE ABSORBER
(i) Direct leakage. see table 2 , last column), the corresponding change of the rate of anticoincidences by leakage must be 96 x 0-0005 = 0-048 c. per hr., which is small compared with the total effect. The actual decrease due to leakage is probably even smaller, since it is unlikely th a t all anticoincidences with E = 25 cm. Pb are due to leakage. (ii) Particles travelling upwards which are stopped in s. The rate of these anticoincidences should not be affected at all by the thickness of the absorber E.
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(iii) Casual coincidences. Only a small fraction of the casual threefold coincidences are recorded as anticoincidences. The largest number of casual anticoincidences are due to the overlapping of an anticoincidence pulse CD-A with an anti-pulse B -A . The rate of these is estimated to be 0-006 c. per hr. which is negligible. Therefore any change of the rate due to a change of E must also be negligible.
Thus we conclude that the change of the rate of anticoincidences with cannot be accounted for except by assuming a non-ionizing radiation.
(3) The difference between the rates of the anticoincidences with 12-5 cm. Pb and E -25 cm. Pb is 0-17 + 0-05 c. per hr. This difference exceeds more than three times the standard error and can be regarded as real. We conclude therefore th a t an appreciable fraction of the non-ionizing radiation penetrating 5 cm. Pb also penetrates 12-5 cm. Pb. Thus the radiation observed is much more penetrating than photons.
I t is difficult, however, to make a reliable estimate of the average range of the radiation since it is not clear if the anticoincidences observed with E = 25cm .Pb are all spurious. (Due to a breakdown we were unfortunately prevented from extending the absorption curve up to 50 cm. Pb.) In any case it appears reasonable to assume a range of the order of 10 cm. Pb.
To obtain information on the dependence of the absorption process on the atomic number of the absorber we carried out observations with = 5 cm. Pb + 30 cm. Al. 30 cm. Al is about equivalent to 7-5 cm. Pb. The results of this experiment are also given in table 2. The rate of anticoincidences with the aluminium absorber is dis tinctly lower than the rate with E = 5 cm. Pb only. Thus the aluminium gives rise to some absorption. It is, however, not clear if the difference between the rate for aluminium and the rate for 25cm .Pb is significant or not. All we can conclude is th at the observations are not incompatible with the assumption th at the absorption is mass proportional although there is a slight indication th a t aluminium absorbs more strongly than lead.
(4) A further experiment was made to find out if the non-ionizing radiation is accompanied by showers falling on the absorber E. A sensitive shower detecting arrangement was placed above the absorber E and readings of were taken. No coincidence of this type was recorded in 473 hr. (see table 4 ). Thus the non-ionizing particles are not accompanied by showers. 5 L. Janossy and G. D. Rochester 
The decrease of the rate of anticoincidences as given in table 2 is 025 anticoincidences per hour, 0-035 % of the coincidences rate BCD. This figure does not represent, however, the actual ratio between the intensities of ionizing and pene trating non-ionizing components for two reasons. In the first place, the secondaries of a non-ionizing ray must penetrate between 2-2 and 7-2 cm. Pb in order to produce a threefold coincidence BCD and to be recorded. Assuming the secondaries are mesons, a minimum energy of approximately 108eV will be required, and only non-ionizing agents exceeding the minimum energy will be recorded. In the second place, a non-ionizing particle can only be recorded if it is not absorbed in 5 cm. Pb above the anticoincidence counters A but is absorbed in the 5 cm. thick absorber s. Writing fi for the absorption coefficient and x for the thickness of or s, the pro bability of one particle being absorbed in s after passing through £ is P = -e-^').
The value of P is always small as can be seen from table 5. Thus it is safe to assume th at not more than one out of four non-ionizing rays gives rise to an anticoincidence. The penetrating non-ionizing component is thus expected to exceed 4 x 0-035 % = 0-14 % of the total cosmic-ray intensity near sea-level. I t seems reasonable to as sume th a t the non-ionizing component does not greatly exceed this value, and th at therefore 0-14% represents the correct order of magnitude of the intensity of the non-ionizing component. (1) An experiment similar to the one described here was carried out by Rossi & Regener on Mount Evans 4300 m. above sea-level. They reported a decrease in the rate of anticoincidence of 0-31 + 0-09% of the vertical intensity, while £ was increased from 2-5 to 10cm. Pb.
It seems reasonable to compare the Mount Evans value with half of the decrease of the anticoincidence rate we obtained by increasing £ from 5 to 25 cm. Pb. As suming the ratio of the absolute cosmic-ray intensities between sea-level and-Mount Evans to be 1:2-3, the ratio of the intensities of the non-ionizing radiations is estimated as 0-5 x 0-035 ^ 1 2-3x0-31 ^ 40* This value represents a very rough estimate only, especially as our arrangement of the absorbers differs considerably from th at of Rossi & Regener.
The mass-equivalent of the atmosphere between Mount Evans and sea-level is H = 400g. per cm.1 2. The absorption coefficient of the radiation can be expressed as y = (loge 40)/// and the average range ( R) is This value is in as good agreement as one could expect with the range observed at sea-level for lead. The agreement between these two values favours the assumption th at the absorption of the non-ionizing radiation is mass proportional.
(2) The question of the nature of the radiation arises. The most obvious suggestion y th at it consists of neutrons or of neutrettos; but as little is known of the behaviour of energetic neutral particles from the theoretical point of view, little can be stated definitely.
In order to give a possible interpretation of the observations we consider the following processes. A fast neutron suffering a head-on collision with a proton inside a nucleus can transfer its whole momentum to the proton. According to Heisenberg (1937) the mean free path of a neutron which is stopped according to such a process is 12-5 cm. Pb. This process alone does not account for our observations, since the reverse process of protons producing neutrons should make the neutrons reappear. I t has been suggested by Janossy (1942) , however, from observations on penetrating showers, th at fast protons traversing m atter are quickly stopped by interaction with nuclear Coulomb fields, giving rise to penetrating showers. These two processes together would give for the mean free path of the neutral radiation a value of about 10 cm. lead in agreement with the present observations.
The above hypothesis was put forward by us a short time ago (Janossy & Rochester 1941) . Since then we have carried out experiments supporting the view th a t the non-ionizing penetrating component is at least partly responsible for the production of penetrating showers. These experiments have been reported briefly (Janossy & Rochester 1942 ).
